Background: Traditionally, EBRT prostate treatments have been administered using three different techniques: three-dimensional conformal radiation therapy (3D-CRT), intensity modulated radiation therapy (IMRT), and volumetric modulated arc therapy (VMAT). These radiation therapy treatment techniques are often combined with additional options focusing on treating systemic disease and the entire volume of the prostate. A novel approach to EBRT is currently in development, a localized treatment administered to only the primary disease within the prostate volume termed 'Focal Therapy'.
Background
With the exception of skin cancer, prostate cancer is the most commonly diagnosed cancer within the North American male. About 1 in 7 men will be diagnosed throughout their lifetimes and 1 in 39 men will die from this disease [1, 2] . Prostate cancer patients are organized into low, intermediate and high risk groups determined from clinical stage, PSA level, and Gleason score [3] . Currently, there are many different prostate cancer treatment options available. The benefits of radiation oncology consisting of external beam radiation therapy (EBRT) and brachytherapy, is to provide a highly conformal, minimally invasive, curative form of treatment. Traditionally, EBRT prostate cancer treatments have been administered using three different techniques: three-dimensional conformal radiation therapy (3D-CRT), intensity modulated radiation therapy (IMRT), and volumetric modulated arc therapy (VMAT). The administration of an external beam radiotherapy treatment is often combined with an additional treatment option, with a goal to treat systemic disease delivered to the entire volume of the prostate. A novel approach to EBRT is currently in development, the localized treatment of only the primary region of disease within the entire volume of the prostate, termed 'Focal Therapy'. The capability to administer a focal therapy EBRT prostate cancer treatment has become possible due to two new scientific breakthroughs: the imaging capability of multiparametric magnetic resonance imaging (mpMRI) and the effectiveness of treating only the primary index lesion for a curative result.
The main limitation to administering a highly localized treatment to the prostate is the capability to precisely identify the areas of malignancy with high accuracy and precision. This is now possible by incorporating an MRI based imaging technique called multiparametric magnetic resonance imaging (mpMRI). MpMRI consists of complementing T1 and T2 weighted anatomic imaging with functional MR techniques including diffusion weighted imaging (DWI) and dynamic contrast-enhanced (DCE) imaging [4, 5] . The imaging potential of mpMRI has undergone scrutinizing validation studies comparing mpMRI image sets directly with radical prostatectomy specimens that have been whole mounted in sections [6] . A study by Turkbey et al. concluded for a foci >0.5mL using 1.5T mpMRI that the sensitivity, specificity and positive, negative predictive values were 90%, 88%, 77% and 95%. For a foci >0.2mL the results reduced to 77%, 91%, 86% and 85% [7, 8] . For small tumors ≈ 0.2mL, the sensitivity of MRI decreased from 90 to 76%. The imaging capability to accurately delineate cancerous tissue is directly dependent on the volume of the malignant tissue. For small tumors mpMRI can only be used to exclude eligibility for focal therapy treatment [7, 8, 9] .
A theoretical drawback to the proposition of prostate focal therapy is the fact that prostate cancer is largely a multifocal disease. In fact, estimates have largely determined that up to around 78% of all cases of prostate cancer are multifocal malignancies [10] . However, through various individual studies and with the assistance of wholemounted specimens, it's been determined that it's the highest grade index lesion that drives the metastatic process of the prostate cancer [11] . For the low grade satellite lesions left behind, a study performed by Klass et al. reported of low risk prostate cancer over a sample of 1300 men in which of this group only 93 (7%) had died from their disease at a 15 year follow-up [12] . With curative treatment of the high grade index lesion, low grade satellite lesions are unlikely to metastasize or lead to death. Due to the small chance that a low grade lesion could potentially lead to mortality, posttreatment follow up in the form of PSA testing and further imaging is recommended.
As a result of these two discoveries, focal therapy and specifically external beam radiation focal therapy is now considered a possibility but, is still within early investigative stages. Currently, there are many questions to ask regarding the administration of such a highly conformal radiation therapy technique. Studies regarding the most effective method to deliver prostate cancer focal therapy are presently being investigated. For each delivery method, parameters and techniques are being explored to set the precedent for standard guidelines for future delivery. For example, there are still questions as to what the best energy is for administering a focal therapy treatment. Experimental results are limited to only short-term outcomes [13] [14] [15] [16] . Different interest committee groups have defined recommendations for patient eligibility to receive focal therapy as a treatment option for prostate cancer. Table 1 outlines a summary of recommendations authored by treatment related health care clinicians.
To advance the clinical directive for a standardized EBRT focal therapy prostate cancer treatment, a clinical replication with variations of different treatment parameters is proposed. A research study aimed to simulate 10 random EBRT focal therapy clinical treatments in two treatment planning software, Monaco treatment planning system and Eclipse treatment planning system is needed. All ten plans will be contoured replications of various focal therapy imaging sets provided by authentic mpMRI images of focal therapy eligible prostate cancer malignancies. The direction is to randomly select ten cases, all with variation in volume and location of localized disease. Due to a lack of EBRT focal therapy published documents, all plans will be created following established IMRT prostate treatment protocol with adjustments made to establish a more localized treatment. Following each treatment's design, all plans will be made into QA plans. The ten QA plans developed in Monaco treatment planning system will be administered on an Elekta Versa linac. The ten QA plans produced within Eclipse treatment planning system will be administered on a Varian TrueBeam linac. All QA plans will have their radiation doses measured with Gafchromic EBT3 radiochromic film and analyzed using the gamma analysis index (γ).
To provide clinical guidance on creating a standard EBRT focal therapy prostate treatment, it's important to produce investigatory replications in a clinical scenario in order to study delivered treatment metrics and discover problems in clinical administration. Through this compared product investigation, many important determinations can be made, including: recommended treatment margins, oar doses, requirements for conformal limits and a comparison between commercial vendor products.
Methods a) Experimental Design
For the ten clinical plans, a standard prostate CT image series will be imported into Eclipse treatment planning software. Ten random mpMRI image sets of clinical prostate cancer eligible for focal therapy will have their primary index lesions contoured and replicated on a standard prostate CT image set. A focus will be placed on selecting ten clinical malignancies with varied region and size of clinical disease; this will be important for validating experimental results. All organs at risk will be contoured for comparison between the radiation dose administered to radiosensitive structures for each created treatment plan.
b) Treatment Planning
The treatment plan design will consist of IMRT technique for all ten clinical prostate therapy plans. The dose administered will be 79.2 Gy prescribed to the PTV in 44 fractions at a dose rate of 1.8 Gy per fraction [21] . The external beam radiation therapy dose prescription goals are outlined in table 2 referenced from RTOG 0126. Seven fields will be used to administer the radiation therapy treatment plan, each with an energy of 6 MV. The dose constraints for the organs at risk (OAR) are motivated by RTOG 0126 and QUANTEC [21, 22] . All radiation sensitive structures will receive doses respectively lower than the recommended dose constraints. A benefit to a highly conformal, focal therapy treatment is the localized delivery to the prostate but also, a much lower dose to OARs. The radiation dose administered to OARs will vary depending on the size and location of clinical disease. A 0.5cm margin will be expanded globally around the contoured CTV [21] .
Within Eclipse treatment planning system, two separate plans will be generated in which one treatment plan will be calculated with the anisotropic analytics algorithm (AAA) and the other with the Acuros treatment algorithm. Within Monaco treatment planning system, the initial prostate CT images and structure sets will be transferred over from Eclipse. The same treatment plan will be replicated in Monaco treatment planning system but, the plans will be calculated using the (XVMC) X-ray Voxel Monte Carlo dose calculation, calculated with a 1% statistical uncertainty and a 1mm voxel size [23] .
c) Radiation Dose Measurement
Following the completion of each focal therapy prostate plan, QA plans will be generated. Each QA plan will be calculated by the three variations of treatment planning algorithms being: AAA, Acuros and Monte Carlo. The QA plans generated will be administered on a large virtual cube like box with an electron density forced to 1. The Cube representing a QA phantom is to replicate a solid water setup with Gafchromic EBT3 radiochromic film placed at a 5cm depth. All QA plans will have the gantry and pedestal values forced to zero. The designated fields will be administered individually and from the AP gantry position. The calculated and measured fields are to be compared via the gamma analysis index (γ). The criteria used for the gamma will be 3%/3mm (percent dose difference and distance-toagreement) and 2%/2mm. To exclude low dose regions within the measured profiles, a threshold of 10% of the maximum dose will be applied within the film analysis software. The dose will be calculated as absolute dose [24] [25] [26] .
Discussion
The contemporary application of mpMRI and correlation between the primary index lesion and metastasis for prostate cancer have led to the conceived technique of administering a localized focal therapy prostate treatment for a curative result. Currently, there is a lack of investigatory studies looking into the implications of a prostate focal therapy treatment delivered by external beam radiation therapy. The design of this research experiment provides a clinical simulation of ten focal therapy prostate cancer treatments and replicates their mpMRI images into two different radiation oncology treatment planning software. The ten clinical examples are to be purposefully selected to exhibit varying size, shape, and quadrant of disease to allow the capability to pre-determine errors and uncertainties for clinical implementation. The choice to select two different treatment planning software and utilize three variations of dose calculation methods allows a direct comparison required for such a highly conformal treatment. To measure the radiation dose administered, Gafchromic EBT3 radiochromic film will be used for a 2D-plane dose distribution. Film is selected over a commercial array device due to a high spatial resolution and ability to measure steep dose gradients necessary when measuring a highly conformal modulated treatment [27] . Radiochromic film is excellent for measuring absorbed dose levels in a large variety of situations. It's ideal for the measurement of irregular fields as well as small field sizes down to a lower limit of approximately 1x1cm 2 shaped by the multileaf collimators [28] .
Lastly, the gamma analysis index (γ) is to be used to evaluate each of the treatment plan calculated fields with the fields measured by Gafchromic film. The gamma analysis index (γ) has it's own calculation sensitivities which includes regions of high dose gradients. It is important to investigate the percentage pass points over each of the treatment plans to evaluate comparable magnitudes of γ [24, 25] .
To examine the uncertainties and limitations of an EBRT focal therapy prostate cancer treatment, it's imperative that a large study replicating many clinical cases under varying conditions is conducted. This allows the pre-determining of errors and uncertainties throughout the entire radiation treatment process. The experimental results can be used as a reference for the implementation of standard guidelines for prostate cancer focal therapy.
